Potato black dot is caused by the tuber-, soil-, and airborne pathogen Colletotrichum coccodes (Wallr.) S. J. Hughes (syn. C. atramentarium (Berk. & Broome) Taubenhaus). The disease is characterized by small black sclerotia developing on roots, stems, stolons, and the surface of progeny potato tubers of senescing and dead potato plants (1, 4, 7, 19). Black dot is common in most potato-growing areas in the world (1, 2, 5, 6, 12, 14) and can cause up to 30% yield reduction and reduce tuber quality on susceptible cultivars (9, 15, (18) (19) (20) .
material among isolates probably is restricted to the vegetative compatibility system. Vegetative compatibility is a genetically determined ability in which isolates of the same fungal species anastomose and form stable heterokaryons, during which genetic material may transfer from one isolate to another (13) . Isolates which are vegetatively compatible may form subspecific populations that tend to be genetically isolated in nature and are called vegetative compatibility groups (VCGs; 13). Isolates belonging to a VCG tend to have a common genetic pool (13) and, therefore, may have similar pathological and physiological traits differing from those of isolates that do not belong to that VCG (8, 13, 16, 17) .
Testing isolates for VCGs usually is based on complementation tests with nitrate-nonutilizing (nit) mutants (8, 11, 14) , which are impaired in their ability to utilize nitrate from the growing media. When the hyphae of two different nit mutants anastomose to form stable heterokaryons, a biochemical complementation takes place in the heterokaryons which allows them to utilize nitrate when it is the sole nitrogen source in the growing media. The result of the complementation is visible to the naked eye as a prototrophic growth at the contact zone of the mutants' colonies. However, the formation of heterokaryons and, consequentially, the biochemical complementation and prototrophic growth are contingent upon the vegetative compatibility of the isolates from which the mutants were derived. If the isolates were vegetatively incompatible, stable heterokaryons would not have been formed and a prototrophic growth would not have been evident. Hence, testing isolates for vegetative compatibility using nit mutants is a technique based upon a biological response which genetically is restricted, and its results tend to be clear-cut (13) .
In a previous study (14) , we collected 110 isolates of C. coccodes from European and Israeli potato tubers, roots, and stems and tested their vegetative compatibility. In all, 36 isolates were from Israel, 23 from France, and 51 from the Netherlands. The study resulted in the characterization of four multimember VCGs among the 110 isolates, and the selection of 12 different isolates as VCG testers for the European/Israeli population (14) . The European/Israeli (EU/I)-VCG1 consisted of eight isolates, in which two were from Israel, two from the Netherlands, and four from France. EU/I-VCG2 was the largest VCG consisting, of 39 isolates, of which 7 were from Israel, 17 from the Netherlands, and 15 from France. EU/I-VCG3 was the second largest, consisting of 22 isolates, of which 11 were from Israel and 11 from the Netherlands, and EU/I-VCG 4 consisted of 11 isolates, of which 2 were from Israel and 9 from the Netherlands (14) . The potential aggressiveness of the isolates from the different EU/I-VCGs to potato was evaluated using the susceptible potato cvs. Desiree and Mondial. Potato plants were inoculated with 34 isolates that were selected from the different European/Israeli VCGs. The results indicated that, on average, the isolates belonging to EU/I-VCG 3 were more aggressive than the isolates of the other EU/I-VCGs (14) . Furthermore, in vitro growth rate trials which tested the response of the different isolates to temperature (21, 25, and 30ºC) and pH (pH 5, 6, and 7) indicated that a physiological variation among the VCGs also was present (15) . The results indicated that the subspecific level of C. coccodes may significantly affect disease epidemiology and etiology and, consequentially, disease management; and strengthened the hypothesis that differences in aggressiveness could be correlated with differences in vegetative compatibility or with the subspecific level of the pathogen.
Isolates from different VCGs may possess different epidemiological traits; therefore, a thorough understanding of the diversity in the population of C. coccodes would have an important and practical contribution to the improvement of disease management. More accurate procedures could be developed to screen for black dot resistance in potato lines, to screen for resistance to fungicides in the pathogen's population, and to more accurately forecast disease potential. The present study tested the hypothesis that the population of C. coccodes in North America was composed of several distinct VCGs with diverse genetic and pathological traits. The main objective of the study was to characterize VCGs and pathogenicity-correlated traits in the North American population of C. coccodes, in order to provide a basis for a thorough comparison between the European/Israeli and North American populations.
MATERIALS AND METHODS
Collection of North American C. coccodes isolates. In all, 123 isolates that were collected from 13 states in the United States and 3 provinces in Canada between 1986 and 2002 were studied. Of these, 115 isolates originated from potato plants and tubers, 3 from tomato plants and fruit, 4 from peppermint, and 1 from red pepper ( Table 1 ). All isolates, including those obtained from other laboratories, were subcultured to 1% potato dextrose agar (PDA, 10 g/liter, Bacto agar, 15 g/liter, and streptomycin sulfate, 0.1 g/liter) and were incubated in the dark at 25ºC for 7 days. Monoconidial cultures were obtained for each isolate by streaking a mass of conidia onto Czapek Dox agar (CDA) in 9-cm petri plates and incubating at 25ºC in the dark for 24 h. A single conidium was transferred under the microscope onto CDA in 5-cm petri plate and incubated at 25ºC in the dark for 7 days. The monoconidial cultures were maintained at 10ºC. All of the experiments were performed using the monoconidial cultures, which are referred to as isolates.
nit Mutants. The nit mutants were generated to all isolates by transferring agar blocks (1 cm 2 ) that were colonized by the fungus to water agar chlorate (WAC) medium (2% Bacto agar, 3% potassium chlorate, and 0.02% glucose; 10) in 9-cm plates and were incubate in the dark at 25ºC for 21 days (14) . In all, 10 to 20 agar blocks (replications) were transferred to WAC for each isolate. After 21 days of incubation, hyphae from every replication were transferred to CDA in 9-cm plates by streaking, and the plates were reincubated for 7 days in the dark at 25ºC. Colonies that had a thin, transparent white or green mycelium were considered nit mutants. A single spore colony from each suspected nit mutant was retransferred to CDA in 5-cm plates and incubated for 7 days in the dark at 25ºC to assure the mutant's stability. Partial characterization of the nit phenotype (nit1/nit3 or NitM) was followed by placing two mycelia blocks of nit mutant on both CDA and CDA amended with 0.02% hypoxanthine, and incubating in the dark for 5 days at 25ºC. Colonies with a prototrophic growth on CDA supplemented with hypoxanthine and with a thin mycelium on CDA were characterized as nit1/nit3 mutants, and colonies with thin mycelia on both media were characterized as NitM mutants (3, 11, 14) .
Complementation tests. The EU/I VCG tester isolates, previously selected by Nitzan et al. (14) , were used to characterize the North American (NA) isolates to VCGs. The EU/I testers were isolates 2 and 16 from EU/I-VCG 1; isolates 3, 12, 13, 18, 24, and 53 from EU/I-VCG 2; isolates 38 and 138 from EU/I-VCG 3; and isolates 46 and 49 from EU/I-VCG 4. Complementation tests between nit mutants were performed on CDA, which had only nitrate as the nitrogen source. Agar blocks (5 mm 2 ) colonized with mycelia of the NitM and nit1/nit3 mutants of the tested isolates were placed 1 cm apart in 5-cm petri plates. The plates were incubated for 14 days at 25ºC in the dark. Complementation was characterized by the formation of a prototrophic growth at the contact zone of the colonies of the two mutants, and was evident after 10 to 14 days. The trials were conducted in 11-liter pots that were filled with Sunshine LC1 potting mixture (Sun-Gro Horticulture Distributor Inc., Bellevue, WA). The experimental design structure was a randomized complete block design with seven replications per isolate, including noninoculated control plants.
Tested isolates. In all, 41 isolates (34% of the collection) arbitrarily selected from the NA-VCGs were tested for aggressiveness to potato. Of these, 36 isolates origi- Total  24  45  10  2  17  2  5  18  123 y All isolates were recovered from potato except (i) in NA-VCG2, 1 of 15 isolates from Washington was from mint; (ii) In NA-VCG6, isolates originated from tomato and red pepper; (iii) in NA-VCG7, 2 isolates from Washington and 1 from Wisconsin were from mint and 2 isolates from New York were from tomato; and (iv) among the nonassigned isolates, 1 isolate from Wisconsin was from mint. z Total number of isolates tested. nated from potato, 2 from tomato, 1 from red-pepper, and 1 from mint. Of 24 isolates, 9 were tested from NA-VCG1, 16 of 45 isolates were tested from NA-VCG2, 4 of 10 isolates were tested from NA-VCG3, 2 of 2 isolates were tested from NA-VCG4, 4 of 17 isolates were tested from NA-VCG5, 2 of 2 isolates were tested from NA-VCG6, and 2 of 5 isolates were tested from NA-VCG7. In addition, 1 isolate that was nonassigned to an NA-VCG and originated from potato also was tested.
Plant material. Disease-free, certified nuclear potato tubers of the C. coccodessusceptible cv. Russet Norkotah were used to test the aggressiveness of the selected isolates. These certified nuclear tubers were produced in a greenhouse in Montana by a commercial potato seed-tuber grower. Certified nuclear tubers were the progeny of certified tissue-cultured potato plantlets and were free of fungal, bacterial, or viral potato diseases. Both years, prior to planting, we tested a sample of 20 nuclear tubers for the presence of C. coccodes and other fungal pathogens of potato. The results indicated that the nuclear tubers were free of fungal and bacterial potato diseases.
Preparation of inoculum. Sterile organic rye seed were used to carry C. coccodes inoculum in the soil. The rye seed were washed thoroughly with distilled water to remove dirt, then transferred into 1-liter flasks. The flasks were filled to only one-third of their volume to prevent anaerobic conditions. The flasks were caped with cotton wool and aluminum foil and autoclaved for 45 min at 120ºC. Following sterilization, the flasks were incubated for 24 h in the dark at 25ºC and reautoclaved for 45 min at 120ºC. The 41 isolates that were selected for the aggressiveness trials were subcultured on 1% PDA in 9-cm petri plates for 7 days at 25ºC in the dark. The agar media of one petri plate that was fully colonized with the fungus was cut into 1-cm 2 blocks and transferred into a flask under sterile conditions. The flasks were recapped with autoclaved cotton wool and aluminum foil, shaken well, and incubated at 25ºC in the dark for 3 weeks. White mycelia and black sclerotia were observed on the colonized rye seed 3 weeks after inoculation. Following the incubation period, the rye seed were dried at room temperature for 14 days in plastic boxes that were kept apart from each other and covered with a paper bag to prevent crosscontamination. The dry rye seed were maintained at room temperature in sealed plastic bags until use.
Inoculation of plants. The nuclear tubers were washed with soap and warm water to remove excess soil deposits, then surface sterilized with 1% NaClO for 10 min. The tubers were allowed to dry at room temperature and cut with a sterilized knife into 24-g pieces, on average, that included a vegetative bud. The tuber pieces were allowed to surface dry for 48 h at 10ºC and to partially suberize prior to planting in order to prevent potential rot. Infested rye seed (15 g, 650 ± 10 seed) were added to 11 liters of potting mixture in each pot and mixed into the soil by hand to form an even distribution. Noninfested, sterile rye seed were used in the noninoculated controls. One tuber piece was planted in the middle of each pot, 1 cm below surface. The pots were irrigated to field capacity at planting, then were not irri-
Evaluation of aggressiveness. Seven horticultural and disease severity parameters important to the Washington State potato industry were used to evaluate the aggressiveness of the isolates. The horticultural parameters were (i) total yield weight (g); (ii) number of progeny tubers; (iii) progeny tuber mean weight (g), calculated by dividing the total yield weight by the number of tubers; and (iv) specific gravity (g/cm 3 ), calculated using the formula (total yield weight in air)/([total yield weight in air] -[total yield weight in water]).
Disease severity parameters were (i) sclerotial density on the roots and crowns (5 cm of stem immediately below and above the soil level) was visually evaluated on a scale of 0 to 5, where 0 = no sclerotia 1 = 1 to 10%, 2 = 10 to 30%, 3 = 30 to 50%, 4 = 50 to 75%, and 5 = 75 to 100% of the surface area covered with sclerotia; (ii) height (cm) to which sclerotia were formed on the aboveground part of the stem (cm) was measured using a metric ruler; and (iii) incidence (%) of infected progeny tubers, evaluated by placing vascular tissue plugs from the stolon end of the tuber onto 1% PDA and calculating the percentage of infected tubers out of 35 tubers per isolate that were sampled.
Statistical analysis. Statistical analyses were conducted only for the multimember NA-VCGs 1, 2, 3, and 5, which consisted of potato isolates. The variation in the frequencies of nit1/3 and NitM among the VCGs was analyzed as randomized complete design with VCG as the main fixed effect by contrast analysis using the logistic procedure (Proc Logistic) in SAS (SAS 9.1; SAS Institute Inc., Cary, NC). The number and frequencies of nit1/3 and NitM mutants that were generated for each VCG were calculated out of 10 or 20 replications/isolate. The nonassigned isolates were not included in the analysis. The aggressiveness trials were analyzed as a randomized complete block design structure with VCGs as fixed effects, and isolates nested within VCG. The general linear models procedure (Proc GLM) in SAS (SAS 9.1; SAS Institute Inc.) was used to analyze the aggressiveness trials. Noninoculated control plants were included in the analysis of the horticultural parameters, but excluded from the analysis of the pathological parameters because they were not inoculated with the pathogen. The analysis of variance for the aggressiveness trials was followed by means separation using Fisher's protected least significant difference t test. All inferences were conducted at a 5% significance level.
RESULTS
Assignment of NA isolates to VCGs. The complementation tests between the NA isolates and the EU/I VCG tester isolates were conducted in Israel during 2001-02. In all, 56 isolates from the NA collection were selected randomly and tested for vegetative compatibility with the 10 EU/I VCG testers. The complementation tests resulted in the lack of anastomosis (data not shown); therefore, we continued testing the isolates, including the 56 previously tested in Israel, at Washington State University. The NA isolates were tested for vegetative compatibility among themselves in order to select VCG testers that were specific to the NA population. Eventually, eight isolates were selected as NA-VCG testers. These isolates were selected as VCG testers based upon their ability to anastomose with multiple different isolates, and based upon their nit mutants' (nit1/nit3 and NitM) ability to react to the other isolates' nit mutants with massive prototrophic growth. The isolates that were selected as NA-VCG testers were 1018 and 1023 for NA-VCG1, 201 and 2014 for NA-VCG2, 306 for NA-VCG3, 401 for NA-VCG4, 5018 for NA-VCG5, 601 for NA-VCG6, and 701 for NA-VCG7. All tester isolates demonstrated an ability to form stable heterokaryons only with isolates from their own VCG.
The complementation tests between NA isolates and the selected NA-VCG testers resulted with the assignment of 105 of 123 isolates (85% of the tested isolates) to seven NA-VCGs, with five multimember NA-VCGs and two two-member NAVCGs. The five multimember VCGs were NA-VCG1 with 24 isolates, NA-VCG2 with 45 isolates, NA-VCG3 with 10 isolates, NA-VCG5 with 18 isolates, and NA-VCG7 with 5 isolates (Table 1 ). The two two-member NA-VCGs were NA-VCG4 and NA-VCG6 (Table 1 ). The 115 isolates originating from potato were distributed among NA-VCGs 1, 2, 3, 4 and 5 at 9, 15, 21, 2, and 38%, with 17 (15%) isolates not assigned to any NA-VCG (Table 1 ). The isolates originating from tomato, pepper, and mint were assigned primarily to NA-VCG6 and NA-VCG7 (Table 1) , excluding one mint isolate that was assigned to NA-VCG2 and one mint isolate that was not assigned to any VCG (Table 1) . Over all, 18 isolates (17 from potato and 1 from mint) did not react with the NA-VCG testers and were regarded as nonassigned (Table 1). We generated nit1/3 and NitM mutants to 7 of the 18 nonassigned isolates and they all were self-compatible. However, we were unable to generate NitM mutants to the remaining 11 isolates and, therefore, their self-compatibility could not be tested.
Generation and characterization of nit mutants. The nit mutants generated for the NA isolates were similar to the EU/I mutants. The mutants demonstrated thin and fast-growing mycelia on WAC media and sparse and greenish mycelia on CDA (14) . The recovery time from WAC to CDA also was similar and optimal after 21 days of incubation at 25ºC in the dark. Among the multimember NA-VCGs 1, 2, 3, and 5, which were composed primarily of potato isolates, the average frequency of nit1/nit3 class mutants was lower (P < 0.05) for NA-VCG1 isolates than for isolates belonging to the NA-VCGs 2, 3, and 5 ( Table  2 ). In contrast, the frequency of NitM mutants did not vary (P > 0.05) among the multimember NA-VCGs 1, 2, 3, and 5 and was collectively 5.14% (55 NitM of 1,070 replications) ( Table 2 ).
The frequencies of nit1/nit3 and NitM mutants differed significantly among the EU/I-VCGs 1, 2, 3, and 4 and the NA multimember VCGs 1, 2, 3, and 5. The frequency of nit1/nit3 mutants was lower (P < 0.05) for NA-VCGs 1, 3, and 5 than for EU/I-VCG 4. More (P < 0.05) nit1/nit3 mutants were generated for NA-VCG2 than for EU/I-VCG2. Fewer nit1/nit3 mutants were generated for NA-VCG1 than for EU/I-VCGs 2, 3, and 4 ( Table 2 ). NA-VCG 1 had fewer (P < 0.05) NitM mutants than EU/I-VCGs 1, 3, and 4 and NAVCGs 2 and 3 had fewer (P < 0.05) NitM mutants than EU/I-VCG 4 ( Table 2) .
Aggressiveness trials. All of the C. coccodes isolates that were tested, which were distributed among the seven NAVCGs and the nonassigned and originated from potato, tomato, mint, and pepper, caused black dot on potato both years. Infection was not detected on noninoculated control plants both years. An interaction between NA-VCG and year was not recorded, and the data of the 2003 and 2004 trials was combined for the statistical analysis.
The plants infected with isolates belonging to NA-VCG2 and NA-VCG5 had more (P < 0.05) sclerotia on the roots and the crowns than the plants infected with isolates belonging to NA-VCGs 1 and 3 (Table 3). The plants infected with isolates belonging to NA-VCG2 had sclerotia that formed higher (P < 0.05) up the stem than the plants inoculated with isolates belonging to NA-VCGs 1, 3, or 5 ( Table 3 ). The plants infected with isolates assigned to NA-VCG2 had more (P < 0.05) infected progeny tubers than the plants infected with isolates belonging to NA-VCGs 1, 3, or 5 ( Table 3 ). The plants infected with isolates belonging to NA-VCGs 1, 2, and 5 had lower (P < 0.05) yield than the noninoculated control plants (Table 3) . Significant differences among NA-VCGs were not detected for the number of progeny tubers, progeny tuber mean weight, and specific gravity. The number of progeny tubers for inoculated and noninoculated control plants ranged from 8 to 11, tuber mean weight ranged from 40 to 74 g, and specific gravity ranged from 1.075 to 1.088.
A variation of aggressiveness also was recorded among isolates within VCGs. Two isolates of nine in NA-VCG1, one isolate of four in NA-VCG3, and one isolate of four in NA-VCG5 were consistently less aggressive than the other isolates (data not shown). However, the majority of the isolates with in VCGs did not differ statistically (P > 0.05).
DISCUSSION
The present study tested the hypothesis that the population of C. coccodes in North America was composed of several distinct VCGs with diverse genetic and pathological traits. The assignment of 56 NA isolates to VCGs that was conducted in Israel in 2001-02 indicated that the NA isolates did not anastomose with the VCG testers of the EU/I population (14) . The results may imply that the NA and the EU/I populations were undergoing speciation, a hypothesis that should be examined and validated with a larger sample size because it may possess important disease management implications.
The assignment of NA isolates to VCGs was continued at Washington State Univer- x Percentage of nit1 and NitM mutants generated for each EU/I-and NA-VCG was evaluated using a contrast analysis with the logistic procedure (Proc Logistic) in SAS at α = 0.05. The statistical model was a randomized complete design with VCG as the main fixed effect. Nonassigned isolates were not included in the analysis. Different uppercase letters within a column represent significant statistical differences among NA-VCGs. y Frequency of nit1 and NitM mutants generated for each VCG out of 10 to 20 replications per isolate. z Total number of replications per VCG out of 10 to 20 replications per isolate on water agar chlorate. The analysis of variance was followed by separation of means using Fischer's protected least significant difference t tests at α = 0.05. Noninoculated control plants were included only in the analysis of total yield weight. Different lowercase letters within columns represent significant statistical differences among the VCGs. w Number of isolates tested. NA-VCG1 = 9 isolates (38% of NA-VCG1), NA-VCG2 = 17 isolates (40% of NA-VCG2), NA-VCG3 = 4 isolates (40% of NA-VCG3), and NA-VCG5 = 4 isolates (24% of NA-VCG5). x Sclerotia density on roots and crowns was evaluated visually using the following scale: 0 = no sclerotia, 1 = 1 to 10%, 2 = 10 to 30%, 3 = 30 to 50%, 4 = 50 to 75%, and 5 = 75 to 100% of the surface area covered with sclerotia. y Height to which sclerotia were formed on the aboveground part of the stem. z Noninoculated control plants.
sity, and multiple complementation tests among the NA isolates were conducted in order to select VCG tester isolates specific to the NA population. Eight NA isolates were selected as NA-VCG testers, and 123 NA isolates originating from potato, tomato, mint, and pepper were characterized to seven NA-VCGs distributing to five multimember groups and two two-member groups. The 115 NA isolates originating from potato distributed among four multimember VCGs at frequencies of 9, 15, 21, and 38%. Interestingly, this distribution resembled that of the EU/I isolates, which also originated from potato and distributed to four multimember VCGs at 10, 14, 28, and 49% in a similar sample size of 110 isolates (14) . Furthermore, the majority of the potato isolates in both populations belonged to one large VCG (NA-VCG2 and EU/I-VCG2 in the NA and EU/I populations, respectively).
The differences recorded in relation to the frequencies of nit1/nit3 mutants indicated biological differences among North American VCGs. The results also indicated differences among NA-VCGs and EU/IVCGs, which strengthened our hypothesis that isolates from different VCGs were genetically different, and may suggest that the biochemical pathways of nitrate assimilation in C. coccodes were associated with subspecific groups.
As in the previous study (14) in which certain EU/I isolates did not anastomose with the VCG testers, in the present study, 18 of 123 isolates did not anastomose with the NA-VCG testers. Of the 18 isolates, 7 demonstrated self-compatibility, suggesting that the lack of interaction with the NA-VCG testers was more likely due to the presence of other VCGs that the sample size and VCG testers were unable to detect. A larger sample size and the incorporation of molecular genotyping techniques may be needed to examine this assumption.
The aggressiveness trials in the present study tested considerably more parameters than were tested previously for the EU/I population (14) . The present study was the first and most comprehensive study in which C. coccodes isolates were tested for aggressiveness to potato based on a genetic relationship, and using yield and disease parameters of immense importance to the potato industry in Washington State. The results pointed to a variation in aggressiveness to potato which was correlated with the VCG affiliation of the NA isolates. The NA-VCGs 1, 2, and 5 demonstrated an ability to reduce yield by 16%. The NAVCGs 2 and 5 demonstrated an ability to develop the most sclerotia on the roots and the crowns. On average, the isolates belonging to NA-VCG2 developed the most sclerotia up the stem, which suggested a faster colonization of the stem and, possibly, production of more sclerotia overall than the other NA-VCGs. The production of more sclerotia may point to greater fitness of NA-VCG2 isolates and may explain why it is the largest NA-VCG.
In contrast to the EU/I population in which EU/I-VCG3 (14) was clearly the most aggressive, the present study could not point to a single NA-VCG of which the isolates were, on average, the most aggressive. However, when taking into consideration all of the parameters used to assess aggressiveness, it seems that the isolates assigned to NA-VCG2 and probably those belonging to NA-VCG5 possess a greater potentially to cause disease than the isolates belonging of NA-VCGs 1 or 3. The aggressiveness trials also indicated the ability of selected isolates from tomato, pepper, and mint to cause disease on potato. Because we tested only a limited number of these isolates, we did not compare their aggressiveness to the potato isolates from NA-VCGs 1, 2, 3, and 5. However, the results should be taken into consideration for disease management and crop rotations because, in Washington State, hosts such as mint are either rotated with potato or grown in nearby fields.
The structure of the population of C. coccodes and the genetic relationship among its isolates is currently under comprehensive study. In order to organize the population, we suggest the following naming system (nomenclature) based upon the continent source of the population, the VCG number, and the isolate's code. The continent prefix would be followed by the VCG number and the isolate's code. The VCG numbers would start from 1 for each continent, and the isolates' code would be arbitrary. The European/Israeli population would be designated as EU/I, and the North American population would be designated as NA. Additional subpopulations from other continents would be given the following prefixes: South America = SA, Far East and Asia = FE/A, Africa = AF, and Australia and New Zealand = A/NZ. In this manner, isolate 24, which is a VCG tester for VCG2 in the EU/I subpopulation (14) , will be assigned as EU/I-VCG2-24; and isolate 306, which is a VCG tester for VCG3 in the NA subpopulation, will be assigned as NA-VCG3-306. We are aware of the possibility that, in the future, VCGs from different continents may be found to be similar. However, in the current stage of research, we think that this system would allow a better understanding of the relationship among the different populations.
In conclusion, the present study analyzed the population structure of the species C. coccodes in North America using VCGs, and the aggressiveness to potato using a large scale of genetically related isolates and numerous pathological and horticultural parameters. Seven NA-VCGs were detected among 123 C. coccodes isolates from potato, tomato, pepper, and mint, with dissimilarities in relation to genetic and aggressiveness characteristics.
Further study should quantify the relationship between the EU/I and NA populations, and examine epidemiological and etiological questions, such as host range speciation, resistance to fungicides, and effect of inoculum sources based on VCG affiliation. The results presented herein, and those previously presented (14, 15) , documented original research that would be important to the understanding of the potato black dot pathosystem.
